Gelatin films were prepared by casting. Tensile strength (TS) and elongation at break (Eb) of the gelatin films were found to be 46 MPa and 3.5%, respectively. Effect of gamma radiation (Co-60) on the thermo-mechanical properties of the gelatin films was studied. 2-hydroxyethyl methacrylate (HEMA) was added to the gelatin during casting varying (10% -30% by weight) and found to increase the TS significantly. Then the films were irradiated and found further increase of TS. Thermo-mechanical properties of HEMA blended gelatin films were compared with those of the pure gelatin films. The coefficient of thermal expansion of the gelatin/HEMA films were also measured using thermo mechanical analyzer and found opposite trend with comparison of glass point.
Introduction
Gelatin is a relatively low cost protein, industrially produced all over the world and that have excellent film forming properties. Mainly because of that, this protein is being extensively explored in edible and/or biodegradable films production and characterization studies, pure [1] [2] [3] [4] [5] [6] , or blended with other biopolymers [7, 8] . Gelatin is a polymer, as produced by the partial hydrolysis of collagen derived from the skin, white connective tissues, and bones of animals. Being derivative of protein, it is used in food, cosmetics, pharmaceuticals and photographic industries for its gel forming abilities, non toxicity and cheap production cost. In pharmaceuticals, gelatin is used as capsule shell manufacturing raw material for controlled drug release. Because of various potential uses of gelatin, it has been considered worthwhile to modify gelatin to enable improved or alternative applications [9] .
Gelatin is a unique polymer comprising multifunctionalities like gelling, thickening, water-binding, emulsifying stabilizing, foaming, film forming and fining characteristics. It forms thermo reversible gels through the formation of hydrogen bond stabilized triple helices when its solution is cooled. Again on heating it melts above 40˚C. Hydrogen bond stabilization is followed by rearrangement of individual molecular chains into ordered, helical arrangement, or collagen fold and association of two or three ordered segments to create crystallites [10] . Besides, gelatin, similar to synthetic high polymers, shows a rather wide molecular weight distribution [11] . It is soluble in water and in aqueous solutions of polyhydric alcohols such as glycerol and propylene glycol and also hydrogen-bonding organic solvents like acetic acid, trifluoroethanol, and formamide. Gelatin is practically insoluble in less polar organic solvents such as acetone, carbon tetrachloride, dimethylformamide and most other non polar organic solvents. There are limitless possibilities for modifying the properties of gelatin because the number of bi and polyfunctional organic and inorganic compounds that can interact with the particular gelatin functions is very large indeed [12] . Chemical modifications, aiming at an increase in the degree of protein cross-linking depend on the reactivity of the protein constituents, the specificity of the modifying agent [13] , the amino acid composition, the reactivity of amino acid and the tri-dimensional structure of the protein molecule. Generally, chemical reactivity of proteins depends on the side chain, the amino acid composition and the free amino and carboxyl groups [14] . The most reactive protein groups are serine (primary-OH), hydroxiproline (secondary-OH), threonine (secondary-OH), tyrosine (phenolic-OH), aspartic acid (-COOH), glutamic acid (-COOH), lysine (-NH2) and arginine (-C(:NH).NH2) [15] . Crosslinking of gelatin macromolecules is known to increase the viscosity of the gelatin solutions, strength and melting points of gelatin gels. The cross-linking of gelatin matrix by chemical means is used extensively in photographic products, and this so-called hardening permanently reduces the solubility of gelatin. It is important that graft gelatin copolymers retain the valuable properties of the parent gelatin, the ability to form gels and helices and the high heat resistance. The synthesis, structure, thermo-physical and physico-mechanical properties of graft gelatin copolymers have been studied in detail [16] [17] [18] [19] [20] [21] [22] . On heating, gelatin undergoes not only structural and mechanical but also physico-chemical transformations such as partial or complete loss of solubility in water. Stejskal et al. [23] observed that when methyl methacrylate is polymerized in aqueous medium in the presence of gelatin, gelatin graft copolymer macromolecules are formed. Little work on radiation-induced simultaneous copolymerization with acrylic monomers associated as blend with gelatin is reported. In the present study we reported on simultaneous copolymerization of 2-hydroxyethyl methacrylate with gelatin using blending and casting method, where simultaneous evaporation at room temperature was driving force. Later the films were subjected to gamma irradiation. The mechanical and thermo-mechanical properties of the films were analyzed.
Experimental

Materials
Pharmaceutical grade gelatin was collected from Global Capsules of Opsonin Pharma Ltd. HEMA was supplied by E. Merk, Germany.
Methods
Preparation of Gelatin Films
Granules of gelatin (15 g) were dissolved in hot water and different percentages of HEMA (10% -30% by wt) were mixed for different formulations and heated at 60˚C for about half an hour until it reaches a viscous state. Three formulations were prepared named as B1 -B3; their compositions are given in Table 1 . The solution was then cast on to the plastic covered uniform surface to form film under room conditions. It was then dried at room temperature. The dried films (about 0.30 mm thickness) were peeled off and cut into small pieces of length 70 mm and width 10 mm using conventional scissors. HEMA-blended gelatin films were subjected to irradiation with gamma radiation using a Co 60 source (25 kCi model gamma beam 650 is loaded with source GBS-98 that comprises of 36 double encapsulated capsules. Type C-252 loaded with Co 60 pellets). The gelatin films were subjected to irradiation with different gamma doses (50 -500 krad) at a dose rate of 350 krad/hr using Co 60 gamma source. The relative humidity was around 78% and the temperature was 32˚C. These samples were stored in a laminated poly ethylene bag until testing.
Mechanical Test
Tensile properties such as tensile strength (TS) and percent elongation at break (Eb) of the cured films were measured with Universal Testing Machine (Hounsfield Series S, UK) with a cross head speed of 10 mm/min. The load range of 500 N and the gauze length 20 mm were used throughout the experiment. Four different blends with different concentrations of HEMA in gelatin were analyzed using universal testing machine. But higher compositions of HEMA films are softer and can easily absorb moisture. And due to radiation they became brittle. So we investigated the physico-mechanical properties of 10%, 20%, 30% HEMA containing gelatin film at 65% relative humidity at room temperature to enable identical moisture content.
Thermo-Mechanical Analysis
On-set of melting, glass point, off-set of melting and linear coefficient of thermal expansion were measured for all the films using Thermo-mechanical Analyzer (Liensis 200) with an efficiency of ±3 degree centigrade.
Results and Discussion
Mechanical Properties of Irradiated and Non Irradiated Films
Tensile strength (TS) is very important in selecting diverse application of polymer. The results of TS values of the non irradiated and irradiated films are plotted in Figure 1 against total gamma radiation dose for gelatin (G), 10% (B1), 20% (B2) and 30% (B3) HEMA blended gelatin film produced by blending. It is observed that with the loading of HEMA the TS significantly decreased which may be HEMA is acting as filler between inter molecular and inter chain spaces hindering the helix structure of film . But, due to irradiation the tensile strength was improved up to some radiation dose and above that dose it was decreased for almost all compositions. In case of pure gelatin film tensile strength value was also increased with the increase of radiation doses and attains a maximum at 100 krad dose and then decreases with increasing radiation doses. Higher gamma radiation dose may have caused degradation of the polymer chains and the film became hard and brittle whilst at lower doses cross linking may have dominated over chain seasoning.
On the other hand, in case of gelatin/HEMA blend biofilm, tensile strength value reaches a maximum at a dose of 250 krad and then decreased further with increasing gamma dose as well as gelatin concentration. When the gelatin/HEMA film subjected to the radiation, acrylic double bond from HEMA and gelatins functional groups might have initiated to form cross linked network. So, tensile strength value increases with radiation, but higher radiation doses might have caused chain scission due to the breaking of the polymer chains. The probable reaction is shown in Scheme 1. So, at higher radiation doses tensile strength decreased. From the Figure 1 , it is clear that tensile strength value of gamma treated film is higher than that of untreated film. Highest tensile strength was found for 30% HEMA containing gelatin film at 250 krad dose and was found to be 270% higher than the non-irradiated sample of same composition and with respect to pure gelatin film it was 23.3 % higher.
Elongation at Break (% Eb)
The results of elongation at break (%) of the non irradiated and irradiated films against total gamma radiation dose are plotted in Figure 2 for Gealtin (G), 10% (B1), 20% (B2) and 30% (B3) HEMA containing gelatin films produced by blending. From the Figure 2 , it is observed that percent elongation at break increases for non-irradiated samples drastically due to incorporating HEMA. From the figure it is also observed that for non-irradiated film the highest elongation at break was found to be 32% for 20% HEMA containing gelatin film which is 28.5% higher than pure gelatin film. This is may be caused by plasticizing effect of HEMA over gelatin which made the film comparatively softer. Elongation is an important mechanical property in the application of polymer. Observing the figure, it is found that the value of elongation is decreasing with the increasing value of radiation intensity though tensile strength was increased and so happened due to cross linking. But the elongation at break increased due to incorporation of HEMA comparing with that of pure gelatin. Gelatin film containing 30% HEMA at 250krad radiation dose, at which highest tensile strength was found, was also found to have 5.6% elongation at break. This amount is higher than that of pure gelatin film.
Thermo Mechanical Analysis (TMA)
Glass Point
Graphs, showing amount of probe movement vs. temperature, for glass point analysis is shown in Figures 3-6 . Glass point is plotted against composition of HEMA in gelatin films have been plotted in Figure 7 . An almost linear trend in increasing glass point with increasing amount of HEMA blended with gelatin has been observed. The highest glass point observed was 86.4˚C for gelatin/HEMA biofilm containing 30% HEMA. The change in molecular interaction and different thermal response of the monomer and gelatin might have shifted the glass point of film.
Coefficient of Thermal Expansion (CTE)
CTE is an important quality as it indicates its topological and morphological change when subjected to change in temperature. CTE for different composition of gelatin/HE-MA film is shown against temperature in Figure 8 . Again CTE of control specimen and gelatin/HEMA biofilms of different compositions at 40˚C and 80˚C have been plotted against respective percentages of HEMA present in films in Figure 8 . Opposite trend to glass point was observed, that is, with increasing amount of HEMA the CTE was decreased almost linearly and the increase in CTE at 80˚C was more rapid. Gelatin has a negative coefficient of thermal expansion while acrylic polymers have a positive CTE. So, the decreased contraction, in other words negative expansion was quite expectable. The difference between CTE at 40˚C and 80˚C was found lowest for gelatin/HEMA biofilm containing 30% HEMA. Thus film containing 30% HEMA would go through less physical distortion while exposed to higher temperature.
Conclusions
During the study physico mechanical and thermo mechanical properties of irradiated and non-irradiated pure gelatin and HEMA/gelatin film have been studied. Due to incorporating HEMA and gamma radiation the tensile strength was found to be improved and for 30% HEMA /gelatin film irradiated at 250 krad, it was 23% higher than pure gelatin film. Also the elongation at break was improved to 5.6%. For 30% HEMA containing unirradiated film it was 32%. The thermo mechanical properties have been drastically improved due to HEMA content in films. The glass point increased almost linearly due to increasing HEMA content in gelatin film. Gelatin showed contraction on heating, hence negative thermal expansion was found. The coefficient of thermal expansion showed the opposite trend as it was found to be decreased with temperature but it was comparatively smaller for films containing higher percentages of HEMA. That indicates much thermal stability due to blending HEMA with gelatin.
